In this paper I link market level data on television viewing habits with criminal convictions in both state and federal courts to test for evidence that televised forensic science has affected how the criminal justice system functions. Watching television has been shown to have various effects on individual decision making and the learning process. Legal scholars and criminal justice practitioners have begun to express concern that the discrepancy between how the justice system operates and how it is portrayed in popular media has hindered the system's ability to function effectively. This interference has been coined the "CSI effect"; specifically, the use of forensic technology in crime dramas such as "CSI: Crime Scene Investigation" has limited prosecutors' ability to obtain a conviction without DNA or other forensic evidence. I find that between 1990 and 2004, a 10% increase in CSI popularity was associated with a 1.2% reduction in the probability of state court conviction in large urban areas. Between 1994 and 2007, a 10% increase in CSI popularity was associated with a 2.5% decrease in the probability of conviction in federal court. Jurisdictions with large and productive forensic labs have smaller negative CSI effects. Consistent with the type of forensic science portrayed in the CSI franchise, this effect is strongest in cases where the prosecutor must establish that the defendant illegally discharged a firearm or possessed small amounts of drugs.
I. Introduction:
For certain segments of the American population, interactions with the criminal justice system are a regular part of life. This is particularly true for non-white males with low levels of human capital; 60% of black male high school dropouts born in the late 1960s have prison records [Western (2006) ]. For the majority of Americans, however, the actual criminal justice system is significantly less salient. In 2005, for example, 96% of the population was not arrested and 86% of households were not victimized by shows on NBC, 37% of shows on FOX, and 48% of shows on CBS described the investigation and prosecution of, or evasion from, the criminal justice system. An important implication of this phenomenon is that most of the "knowledge" that the average American has about the criminal justice system comes from watching fictional television shows.
Recent research has found evidence that television, specifically, and popular media, more generally, can influence political preferences [Garthwaite and Moore (2008) ; DellaVigna and Kaplan (2007) ; Gentzkow and Shapiro (2004) ], women's social status [Jensen and Oster (2007) ], academic performance [Gentzkow and Shapiro (2006) ], participation in social activities [Olken (2006) ], and health [Waldman et al. (2008) ].
Given the sheer number of crime-related shows on television, if television does affect the perceptions and behavior of viewers, this change should be most evident in their beliefs and expectations regarding crime and criminal justice. In fact, legal scholars and criminal justice practitioners have begun to express concern that the discrepancy between how the justice system operates and how it is portrayed in popular media has hindered the system's ability to function effectively [Hughes and Magers (2007) ]. This interference has been coined the "CSI effect"; specifically, the use of forensic technology on crime dramas such as "CSI: Crime Scene Investigation" has limited prosecutors' ability to obtain a conviction without DNA or other forensic evidence. 4 To date, evidence on the CSI effect has been largely anecdotal [Toobin (2007) ; Stockwell (2005) ; Willing (2004) ], or based on small surveys, either of potential jurors [Schweitzer and Saks (2007) ; Hans et al (2007) ; Podlas (2006) ] or judges [Hughes and Magers (2007) ]. Perhaps not surprisingly, reviews of the literature [Tyler (2006) ] find no compelling evidence for or against the CSI effect. Because a CSI watcher might place too much weight on forensic evidence a priori it is not obvious whether or not conviction rates overall would rise or fall if the CSI effect was real; the direction of the effect depends on the presentation of forensic evidence at trial.
In this paper, I use county and federal level conviction rates, workload statistics from publicly funded forensic labs, and local television viewing habits to test whether fictional crime scene investigation programs have elevated the importance of forensic evidence in criminal trials. To the best of my knowledge, the existing non-experimental research on the CSI effect has not take advantage of variation in exposure to CSI or forensic evidence across cases [Cole and Dioso-Villa (2007) ]. By exploiting variation over time and geography in television viewing habits, which I show are not predicted by pre-CSI trends in conviction rates, I find evidence that CSI has affected what people "know" about the criminal justice system; state and federal prosecutors practicing in areas where more people watch CSI appear to have a harder time obtaining convictions.
Despite the clear fictional nature of the CSI franchise, people without any other experience with the criminal justice system appear to glean information about how one should investigate and prosecute crime from these shows. Indeed the CSI effect is particularly pronounced in jurisdictions where prosecutors were less likely to have access to forensic evidence, suggesting that forensic evidence is over-weighted where CSI is popular. My results are robust to the inclusion of both case-specific and regional control variables, and I present evidence that my county results likely understate the true impact CSI has had on the criminal justice system.
A standard rational economic agent should not use incorrect information in making a decision. The influence of false "information" in critically important decisions is consistent with non-standard decision making, a phenomenon behavioral economists are beginning to explore [DellaVigna (2007) ]. In addition, large literature in psychology has shown that individuals will give incorrect answers in order to maintain solidarity with a group or authority figure [Asch (1951); Milgram (1963) ]. As such, my findings contribute to the growing behavioral economic literature on how people use different types of information in the decision making process.
The paper proceeds as follows. In the next section I describe the in detail how exposure to CSI could affect the outcomes of criminal trials at the state and federal level.
I describe the data I use to measure the CSI effect in section III, and outline my analytic framework in section IV. I present my results in section V, and conclude with discussion in section V.
II. Television, Expectations, and Criminal Convictions:
During the course of a criminal trial, the defendant is presumed to be not guilty of the charges at hand. The burden is therefore on the prosecutor to establish that, conditional on the evidence presented, there is a sufficiently low probability that the defendant did not violate the law in question. Typically, the threshold at which the probability that the defendant is not guilty is "sufficiently low," commonly referred to as "problem" for their office [Perry (2006) ]. Building a case around forensic evidence is therefore less likely to be an optimal strategy for prosecutors relative to prosecutors on CSI.
While understating the cost of acquiring forensic evidence, CSI also overstates the benefits. The ability of forensic science to conclusively determine whether or not an individual participated in a criminal act, or even if a crime was committed, is greatly exaggerated. As much as 40% of the forensic analysis portrayed on CSI is "not real" such as the ability of lab technicians to reconstruct knife blades from stab wounds [Cole and Dioso-Villa (2006) [Kull et al. (2003) ].
Sociologists and psychologists have expanded this line of research to include fictional shows as well; watching "Law and Order" has also been shown to weakly increase viewers' concerns about crime [Mutz and Nir (2009) If jury members form expectations regarding the capabilities of forensic analysis after watching CSI, the first order effect of CSI on conviction rates is likely to be negative, as forensic evidence is simply not used as often in real life as it is on TV.
However, there is potentially an ambiguous net effect of the television show on the likelihood that they will reject the null hypothesis that a defendant is not guilty. 6 A failure by the prosecutor to provide forensic evidence of "CSI quality" may constitute [Cole and Dioso-Villa (2006) ].
In a general equilibrium sense, prosecutors may increase their use of forensic evidence in response to the demands of jurors. This aspect of the CSI effect would lead to conviction rates weakly increasing, but would impose high costs on the justice system, as local governments would have to spend more resources and more time producing forensic evidence for cases which such evidence would have previously been irrelevant.
Because data on the actions of the prosecutors are unobserved at the case level, this presents an empirical challenge. In practice, I address this by using a noisy measure of the cost of using forensic evidence in a given jurisdiction.
Finally, "CSI" popularity may affect conviction rates even if a trial never takes place. In almost all jurisdictions, prior to a trial beginning, defendants have the option of pleading guilty to either the criminal act in question, or often to a related charge with a lower penalty. A rational defendant charged with crime A will plead guilty to crime B if P (Convict A )Punish A > Punish B , where P(Convict A ) is the defendant's expected probability that, given the prosecutors evidence, the jury will reject the null hypothesis that he is innocent. A prosecutor will accept the plea as long as the benefit of Punish B , either through incapacitating the defendant, deterring potential future criminals, rehabilitating the defendant, or providing a sense of justice to society, is sufficiently large. The determinants of P(Convict A ) are obviously critical to both the severity of the charges to which a defendant is willing to plead guilty. As a result even if juries do not change their behavior after watching CSI, the "CSI" effect could alter conviction rates.
The probability that a defendant will agree to a level of Punish B that the prosecutor deems sufficient is positively related to the defendant's expectation of how CSI has changed P(Convict A ).
III. Data:
Testing the CSI effect requires data from multiple sources. I estimate exposure to CSI using individual records of television viewing from the Simmons National Consumer final disposition, date of final disposition, and whether a plea bargain was reached.
Ten of the marketing areas in the SNCS are represented in the SCPS data, and I am able to link 54% of cases in the SCPS data to average CSI popularity, based on the year and county in which the case was filed. In the cases I link to CSI popularity, 78.8%
of cases end in a "guilty" verdict, either through trial or plea, which is a higher conviction rate than in non-matched counties (66%), primarily because of low conviction rates in the Baltimore, Miami, and Boston (which is not sampled by the SCPS after 1994) areas. Table 3 presents summary statistics describing the cases in the SCPS. Cases are broken into one of four categories, "Violent," "Property," "Drug," and "Public Order." The public order offenses are of particular interest in this study, since this category primarily consists of weapons charges. "Ballistic Analysis," in which agents analyze the grooves and lead content of bullets in order to identify the gun from which was fired, is frequently used on CSI shows; one of the main characters on CSI:Miami, "Calleigh Duquesne" is a ballistics specialist who is known on fan sites as "bullet girl." 8 However, ballistic analysis has been widely rejected as unreliable by the actual forensic science community 9 and, as a result, is an area where a juror's expectations may be particularly divorced from the reality of the trial.
The SCPS data do not contain and information regarding the type of evidence used at trial, but access to a lab which performs forensic analysis varies across jurisdictions. I can test the hypothesis that CSI popularity has affected the return to prosecutorial use of forensic evidence by linking the SCPS data with the Census of Publicly Funded Forensic Laboratories (CPFL), which was conducted in 2002 and 2005.
I will construct an estimate of the probability that forensic evidence was used in any given trial using the number of new requests made to forensic labs which provide services for local, municipal, or state agencies in the jurisdiction of conviction and the percent of those requests that were completed. In order to link this data to the SCPS, I led to an increase in conviction rates; in fact, the conviction rate for felonies has been weakly decreasing since 1996, and the misdemeanor conviction rate has remained relatively constant. When I limit my sample to prosecutors for whom I have data on CSI popularity (Figure 2 ), a major limitation of the NPS data is evident; this sample consists primarily of prosecutors in large urban areas who are early users of DNA evidence, with between 80 and 90% reporting some usage in the past year.
IV. Analytic Framework:
Jurors who watch CSI may anticipate that prosecutors will present a large amount of "conclusive" forensic evidence in cases ranging from car theft to murder, as they do in the televised drama. When prosecutors fail to produce such (fictional) evidence, jurors become skeptical of the strength of the State's case and vote to accept the null hypothesis and acquit. In addition to demanding a larger quantity of forensic evidence to obtain a conviction, jurors may also overweight the importance of forensic evidence that is presented. The National Academy of Sciences has strongly critiqued the scientific validity of forensic evidence, and while DNA analysis is generally regarded to be more scientifically valid than other types of forensic evidence such as fingerprint analysis [Cheng 2005 ] it is still subject to human error, and results are not always accurate [Thompson 1997 ]. In contrast, the forensic evidence on CSI is presented as bulletproof, and the techniques and methods incontrovertible. Both of these mechanisms would result in a positive correlation between prosecutors' use of DNA and other forensic evidence and conviction rates in areas where CSI is more popular.
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An ideal test of the CSI effect would be to randomly expose jurors to forensic science as portrayed in televised crime dramas, and then observe how these jurors adjudicated actual criminal trials in which the use of such evidence was randomized.
Ethical issues and concerns about horizontal equity make this approach infeasible, and have lead to the frequent use of mock jury trials in legal scholarship [Hans et al. 2007] .
One important drawback of mock jury trials is a lack of external validity; the researcher can never be fully certain that subjects respond to hypothetical situations in the same way as jurors charged with making actual adjudication decisions. In lieu of a randomized trial, I estimate the following model:
While neither the SCPS nor DCCT data contains information about the use of forensic evidence, both data sets will allow me to disaggregate conviction rates by crime type, including violent crimes, crimes against property, public order offenses, drug offenses, or "other". 13 This disaggregation is based on the hypothesis that forensic evidence will be most frequently used in violent offenses, 14 but may be more uncommon in other crimes.
In addition to county by crime and crime by year fixed effects, I also include a quadratic control for the age of the defendant, the race of the defendant, the type of trial (jury, bench or plea), and the type of counsel retained by the defendant. I allow for arbitrary correlation in conviction rates within a county and offense type (e.g., violent crimes in New York County).
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While I cannot directly observe the type of evidence presented at trial, there will be heterogeneity in the ability of prosecutors to use forensic evidence. In counties with large forensic labs that process higher fractions of their requests in a short time period, any given prosecutor will be more likely to have forensic evidence available.
[ Where Convic ct is the percent of felony convictions obtained in county c during year t, CSI ct is the three year moving average of CSI popularity in the county year, and ForenLab ct is my proxy for the access that the prosecutor has to forensic evidence, which will be positively correlated with the probability that forensic analysis was a relevant facto in that case. In order to be consistent with anecdotal evidence,
, implying 13 Very few crimes in state court fall into the "other" category, and those that do are in most cases parole violations. In Federal court, however, 51% of crimes, specifically racketeering charges and immigration violations, are for "other" offenses. 14 For example, it is unusual for a prosecutor to prosecute a defendant for rape without forensic evidence from a rape kit [Kerstetter and Van Winkle (1990) ; Horney and Spohn (1996) ]. 15 Conceptually, clustering standard errors at the marketing area level would be preferable, but with only 10 marketing areas, the interpretation of the estimated standard errors is not clear. As I show in is more persuasive in counties where CSI is popular.
Equation 2 also forms the basis of my analysis using the NPS data, although in this case I will be focusing on use of DNA evidence, one subset of forensic evidence.
While there is no case specific data in the NPS, this data set does contain potentially relevant characteristics of the prosecutor's office, including the number of attorneys and investigators employed by the prosecutor's office, annual budget, and the total population of the jurisdiction.
In order to interpret a correlation between CSI popularity and conviction rates as evidence that the public "learns" about the criminal justice system through television, it must be the case that CSI popularity is uncorrelated with any other variable that affects conviction rates over time. Research in criminology generally finds that case specific factors, rather than jurisdictional demographics, are the primary determinant of sentence length, but correlation between the race and age of the defendant and his punishment does vary with jurisdiction characteristics [Ulmer and Johnson (2004) ]. Taste in television shows is not homogenous with respect to demographic characteristics. While CSI has broad inter-racial appeal, 16 CSI is differentially popular across age groups. In fact, over 55% of the variation in CSI popularity can be explained by the age structure of the marketing area. To the extent that demographic variation is relatively constant over time across counties, my fixed effects specification will take this into account. In addition to this, I can directly test whether or not trends in conviction rates are spuriously 
V. Results: a. CSI and the Probability of Conviction:
My central estimates of equation 1, using SCPS data, are presented in table 5. In column 1, I include no controls other than a constant term. Unconditionally, I find a small and imprecisely estimated negative relationship between CSI popularity and conviction rates. Once I condition my estimates on observable differences in the specific case and include my full set of fixed effects in column 2, the potential role of CSI described anecdotally in popular media begins to emerge; my estimates suggest that a 10 percentage point increase in CSI's popularity is associated with a 5 percentage point reduction in the probability of being convicted, with a 2 percentage point standard error.
Based on mean conviction rates and CSI popularity in 2002 and 2004, this corresponds with an elasticity of -14%. This is evidence of a real CSI effect increasing the difficulty of obtaining a conviction.
It is possible that the CSI effect is cumulative; areas where CSI has been popular longer have "thresholds of reasonable doubt" that rise over time. In order to test this, I
include the reported popularity of CSI in the previous year (column 3). While I lose some precision in my estimate of the CSI effect when last year's popularity is included, I
cannot reject the null hypothesis that they are equal, or that the latter is statistically different from zero. When I only allow for CSI to have a lagged effect on conviction rates, I estimate that a 10 percentage point increase in CSI popularity is associated with a 6 percentage point reduction in conviction rates the next year, a small increase relative to the effect of contemporaneous CSI popularity, but this effect is not precisely estimated.
I now turn to offense-specific CSI effects, allowing the relationship between CSI popularity and conviction rates to vary with offense type. These results suggest that the CSI effect is smallest, but not significantly different, for violent offenses. Combining the average CSI effect with each of the interactions, I estimate that the CSI effect is -0.687 (se=0.339) for property crimes, -0.610 (se=0.384) for drug offenses, and -0.704 (se=0.404) for public order offenses. Recall that the use of forensic technology in the prosecution of public order offenses, which primarily rely on establishing ownership or possession of a firearm or drugs, are arguably the most misrepresented in the CSI franchise. I find that while a small fraction of all offenses, the overall CSI effect is driven by a change in the ability of prosecutors to procure convictions in public order cases; specifically an 8.4% reduction associated with a 10 percentage point increase in the fraction of people who watch CSI.
Finally, in the last two columns of table 5, I test the robustness of my estimate to the inclusion of market-specific time trends and county demographic characteristics.
Regardless of my additional controls, allowing for either eliminates my ability to identify a relationship between CSI and conviction rates. This is somewhat surprising, given the lack of a correlation between a linear trend in conviction rates pre CSI and eventual CSI popularity. However, a failure to identify a CSI effect in this case does not necessarily mean the CSI effect is not real, it means that the two years per county in which I measure positive CSI veiwership does not produce enough variation to identify a relationship. In other words, it would be problematic if areas in which CSI became more popular had faster growth in conviction rates, but less so if I had simply over identified the model.
DCCT will allow me to address this concern by including more years of data, at the expense of having less case specific information. It is also not obvious that the forensic science portrayed on CSI would have a substantively important impact of federal cases; CSI investigators work for the state government and roughly half of the types of criminal cases adjudicated in the federal system, racketeering and immigration, are not shown on the TV series. It is also likely that potential or convened federal juries and judges would have substantially more preparation for the actual trial. At the very least, one would hope that televised dramas would have less of an impact of decision making at the federal level than the state level.
In column 1 of table 6 I present my estimates of the relationship between CSI popularity and convictions in federal court. CSI popularity is associated with conviction rates, but the magnitude of the effect is roughly half the size in state court; a ten percentage point increase in CSI popularity reduces the probability of federal conviction by 1 percentage point, just over 1%. Unlike the SCPS data, however, this effect is robust to conditioning on the age distribution of the federal district population (column 2). The estimated difference between the CSI effect in tables 5 and 6 actually overstates the difference in jury expectations between federal and state courts; when I limit my sample to only years included in the SCPS (column 3), the CSI effect falls by an order of magnitude, from -0.1 to -0.008. Given that I find a statistically and substantively large effect using a similar specification in the SCPS, this suggests that the timing of the SCPS sample likely understates the full CSI effect. When I include the age distribution of the population in those years (column 4), the sign of the estimate flips.
I also find strong evidence that exposure to CSI over time increases the difficulty of obtaining a conviction for federal prosecutors. A 10 percentage point increase in CSI popularity last year is associated with a 1.1 percentage point reduction in the probability of conviction, which is also robust to the age distribution of the population (column 6).
When both contemporaneous and last year's CSI popularity are included (columns 7 and 8), CSI popularity last year has a 30% larger impact on trial outcomes. While I cannot precisely differentiate the CSI effect across crime type (columns 9 and 10), it is still the case that the CSI effect is largest for weapons violations, destruction of property (including arson), disorderly conduct and civil disorder. Finally, I am able to precisely estimate a CSI effect independent of marketing area specific time trends in the federal data (column 11). Given that strong and generally robust effects I find in the CSI effect in the annual federal court data are impossible to detect statistically once I eliminate odd years (as in the SCPS), the fact that I find any negative impact of CSI in the state courts data suggests that the observations of state prosecutors have some merit.
b. CSI and Actual Forensic Analysis:
If I include controls for the age distribution of the county, eliminated over 50% of the independent variation in CSI popularity. When I model the full CSI effect, which is specifically that forensic evidence will become over weighted where the television show is popular, I find strong evidence that fictionalized television has affected outcomes in the criminal justice system.
Recall that my previous estimates of the CSI effect were not robust to the inclusion of marketing-area specific linear time trends or variation in the age structure of the population. In table 8 I replicate columns 1, 2, 3, 4, 7 and 8 of table 7 with the same marketing area time trends. Clearly, the assumption that CSI has a homogenous first
order effect on what juries expect is too strong to be reasonable. However, CSI popularity does appear to affect how the actors in a trial perceive forensic evidence.
Even including a linear increase in conviction rates, if prosecutors do not have ready access to forensic evidence, their ability to earn a conviction falls one for one with CSI popularity. This is compelling evidence; the age distribution of the population explains over half of CSI popularity, and even conditional on that, forensic evidence appears to be a positively predict of conviction in places where CSI is popular.
c. The CSI Effect and DNA evidence
The National Prosecutors Survey provides one potential link between CSI popularity and prosecutorial actions. The limitation of this data is that it asks primarily about DNA usage, not forensic evidence more broadly, and the districts who I am able to link to CSI veiwership were all relatively early adopters of DNA analysis; over 80% of these districts reported using DNA evidence in 1994. However, it does appear to be the case that prosecutors are more likely to report using DNA evidence in areas where CSI is more popular; conditional on the budget, staffing, population and caseload, there is a weak positive correlation between CSI popularity and use of DNA in trials. 18 The raw correlation between DNA use, CSI popularity, and conviction rates are suggestive of the CSI effect at work. In district/years when DNA evidence is never presented at trial, CSI popularity is weakly and negatively correlated with both felony conviction rates (ρ= -0.31), and misdemeanor conviction rates (ρ= -0.02). There is at least an 18% chance that all of these correlations could be zero, but prosecutors who report using DNA have opposite signed correlations; the correlation between felony conviction rates and CSI popularity in these districts is 0.20 (p=0.002). The correlation between misdemeanor convictions and CSI popularity is imprecisely estimated, but positive. These correlations are robust to examining just the years 2001 and 2005 when CSI was on the air; in districts where DNA is not used, CSI popularity is negatively correlated with conviction rates.
When the prosecutor does present DNA evidence, the state is more likely to obtain convictions where CSI is more popular.
In table 9, I present regression adjusted estimates of self-reported DNA use, selfreported conviction rates, and CSI popularity. Note that there are at most 265 district/years in my sample, and even with controls for budget, population, and staffing, I
cannot explain very much of the variation in conviction rates. In a non-trivial number of districts, survey respondents only prosecuted misdemeanors or felonies in a given year.
Note also that 8 of the respondents are prosecutors in the Washington DC area, where CSI popularity was not measured in 2005. I find little statistically significant evidence of a CSI effect once I control for other differences across districts, as well as year and district fixed effects. It is always the case that areas the positive impact of using DNA on conviction rates is larger in areas where CSI is more popular. However, the data limitations of the NPS data limit my ability to draw and firm conclusions.
VI. Conclusion:
The average American does not interact with the criminal justice system on a regular basis. This is particularly striking in the courtroom, where jurors are likely to be "the only people who haven't had this experience before" [Adler (1994) ]. Standard errors in brackets allow for arbitrary correlation in conviction rates within a district. Additional controls include the logged population, logged operating budget, logged full time employees, and year fixed effects. Regressions weighted to adjust for sampling procedure. + p<0.1 * p<0.05
